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Case Presentation
As a consequence of contamination by effluents from local electronics manufacturing facilities, the New Bedford Harbor and estuary in southeastern Massachusetts is among the sites in the United States that are considered the most highly contaminated by polychlorinated biphenyls (PCBs). In 1979 the contaminated estuary and harbor were dosed to fishing and in 1982 the site was placed on the EPA's National Priority List for hazardous waste cleanup (Fig. 1 ). In 1993 a study was begun to survey levels of intrauterine PCB exposure and to assess the relationship of biomarkers of intrauterine PCB exposure to infant development among a sample of New Bedford area infants. As part of this ongoing work, congener-specific PCB concentrations and total PCB concentrations are measured in serum from infant cord blood samples collected at birth and from maternal milk samples collected at approximately 2 weeks postpartum. The PCB congener profile characteristics of the serum and milk samples are also assessed.
Among 122 mother-infant pairs in whom both breast milk and infant cord serum samples were available, we identified four milk samples with total PCB levels that were significantly higher than the rest. The summed concentrations of 49 individual PCB congeners for these four samples ranged from 1,100 to 2,400 ng/g milk fat, compared with an overall mean of 320 ng/g milk fat for the 122 women. In addition, two of the four samples had a distinct congener profile pattern that differed noticeably from that of the overall study population in their unusually high proportion of congener number 28 ( Fig.   2 , Subjects A and B). Subject A's milk sample also had a high proportion of congener number 74 (Fig. 2) .
The cases associated with the four milk samples were evaluated in detail ( Table 1) . The four women were older mothers (age >30 years). One woman had worked in occupations associated with PCB exposure, and two women reported eating an average of greater than one serving per day of fish or seafood, induding local fish for Subject C. The fourth woman had no occupational or dietary risk factors for PCB exposure.
In all four cases, the infants were fullterm, healthy newborns, according to a review of hospital birth records, the Brazelton Neonatal Assessment (1) 170, 199, 196/203, 189, 195, 194, 206, 209) and their sum, an estimate of total PCB content, were calculated for the maternal milk and infant cord blood samples in these analyses, as was the congener weight percent, the relative contribution by weight of each congener to the sum of PCBs in the sample (8) . Specific Although the mechanism is unknown, the developing nervous system appears to be particularly susceptible to PCB toxicities. Thus, a critical question in the New Bedford cases involves assessment of the health risk of breast-feeding for the women's infants. Substantial concern about PCB toxicity in the developing fetus, infants, and children resulted from accidental exposure episodes in Japan in 1968 and Taiwan in 1979. Increased infant mortality (24) and a congenital syndrome of low birth weight, ectodermal defects (deformed nails, natal teeth, and hyperpigmentation), and developmental delay (including later cognitive decrements and behavioral problems) was seen among children born to mothers who ingested PCB-contaminated cooking oil (25) . However, via heat degradation, the contaminated cooking oil also contained the more potent toxins polychlorinated dibenzofurans (PCDF) and polychlorinated quarterphenyls (PCQs), such that the independent effects of PCBs in these exposures are difflcult to determine (26) . In fact, although PCB exposures were substantial (maternal serum total PCB concentrations averaged ng/g), persistent cognitive decrements among exposed children were not related to maternal PCB levels (24) .
The results of subsequent epidemiologic investigations have identified PCBs as potentially important human developmental toxins at low exposure levels, although acceptance of these associations remains controversial (27, 28) . Maternal occupational PCB exposure has been associated with decrements in birth weight and gestation time (2*). In population-based studies, low-level intrauterine PCB exposures have been associated with changes in fetal growth and maturation (small size and short gestation, including prematurity) (30,31) and behavioral and developmental deficits in infancy and childhood, induding hypotonia and poor reflex functioning in the neonatal period (32) (33) (34) , and decrements in visual memory at age 7 months (35), in psychomotor performance on the Bayley Scales up to age 2 years (36,37), in short-term memory and weight at 4 years (38, 39) , and in IQ at 11 years (40) . However, some of these associations have not been consistently demonstrated across study cohorts, nor have they been adjusted for potential confounding by cooccurring potent organochlorine toxins such as dioxin. The most consistently demonstrated association has been that of PCB-related hypotonia and hyporeflexia in the newborn period, which is of concern (23); however, the long-term health implications of this association are undear.
When both intrauterine PCB exposures (estimated by maternal or infant cord serum PCB concentrations at birth or maternal breast milk PCB concentrations in the early postnatal period) and postnatal PCB exposures (estimated by integrating breast milk PCB concentrations with the duration of breast-feeding) have been assessed, these developmental toxicities have been associated with prenatal, but not postnatal, PCB exposures (35) (36) (37) (38) (39) (40) . Notable exceptions were found in a study of breast-fed and formulafed Dutch neonates (ages 2-4 weeks) in whom higher maternal milk PCB concentrations were associated with increased risk of minor neurologic dysfunction (e.g., hypotonia) among breast-fed neonates after adjustment for infant serum PCB concentrations at birth (13) . Maternal serum and infant serum PCB concentrations at birth were unrelated to neurologic function. Evaluation of the breast-fed infants between 3 and 18 months of age showed an adverse effect of postnatal PCB and dioxin exposures via breast milk on psychomotor (but not mental) Bayley Scales at 7 months but not at 18 months, yet the breast-fed infants did not score lower than formula-fed infants on the Bayley Scales at any age (41) . Furthermore, the long-term significance of these early life associations has not been established, and the authors concluded that their findings do not justify advising against breast-feeding (13,41).
There (43) . Breast-feeding has been associated with substantial health benefits induding better cognitive skills among breast-fed than formula-fed children (44, 45) . In fact, because of the wide-ranging and substantial health benefits of breast-feeding, the American Academy of Pediatrics recommends breast-feeding of almost all infants for the first 12 months of life, and these recommendations do not include exceptions for environmental contaminants in milk (46) . There are no accepted guidelines for breast milk PCB concentrations that are a contraindication to breast-feeding. Anecdotal case reports include recommendations against breast-feeding in a woman with chronic occupational PCB exposures and breast milk PCB concentrations of 13,600 ng/g fat (14) . Regulatory recommendations for limiting dietary PCB intake to 1 pg/kg/day, for example, are problematic because a substantial portion (up to 50% in some populations) of breast-fed infants exceed this limit (47, 48) . In part due to limitations in our current knowledge, risk assessment efforts in this area have been unable to propose a standard and have recommended continued promotion of breastfeeding (14) . In the New Bedford cases, we conclude that the benefits of breast-feeding probably outweigh any risk from moderate PCB exposures via breast milk. However, the ultimate decision regarding breast-feeding rests with mothers. When specific questions regarding breast milk safety arise, decisions are probably best made on an individual basis in the context of the physician-patient relationship after discussion of the known risks and benefits.
For this case report, PCB analysis of breast milk and infant cord serum was done as a research tool. In fact, PCB analysis of breast milk or infant cord serum is rarely done clinically. These analyses are expensive, there are no defined normal values, and, in the absence of massive exposure and acute toxicities, it is difficult to use the exposure information to predict individual health risks, as is illustrated in this case report. The case report is also illustrative of several key aspects of PCB-related health risks in particular (in contrast to lead-related health risks, for example). First, the clinical implications of risks associated with low to moderate perinatal PCB exposures are not well established. Second, even where PCB-related health risks are suspected, standardized methods for exposure assessment are not available. Third, except for exposure prevention, there is no treatment for PCB exposure. Furthermore, exposure prevention is complicated by the long half-life of PCBs and the fact that there is nearly universal background exposure to these compounds. Thus, in the absence of clear occupational or accidental exposures, it is often difficult to identify major PCB exposure sources. Given their prevalence and persistence in the environment, PCB exposures are likely to continue for many decades. Substantial efforts are needed to achieve a better understanding of the clinical and public health significance of these exposures.
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